Abstract: Plant communities in which the herb layer is dominated by Vellozia crinita were surveyed in seven mountain ranges with a complex comprising open herbaceous or savanna-like montane vegetation overlying quartzite and sand, locally known as "campos rupestres" in the State of Minas Gerais, southeastern Brazil, by means of 92 vegetation relevés (totaling approx. 4629 m 2 ). Vellozia crinita displayed a growth strategy which is rare among the Velloziaceae south of the Espinhaço mountain chain. While most species of Vellozia are phanerophytes with erect caudices and grow exclusively on or among rock outcrops, V. crinita is a caespitose chamaephyte with a profusely branched, repent caudex which grows under the ground or very slightly exposed. It forms cushions which stabilize convex mounds of colluvial sand, thus occupying a distinct niche in the "campos rupestres". One association, two subassociations and two variants of the white-sand vegetation component are described as new.
Introduction
In the "campos rupestres" vegetation of southeastern and northeastern Brazil, white sand savannas alternate with quartzite outcrops, forming a mosaic in contact with several zonal vegetation types. Deeper soils in campo rupestre are usually colluvial deposits forming layers and pockets topped with white sand derived from erosion of the adjacent outcrops, and often include milky-quartz gravel. Benites et al. (2003) found that in campos rupestres: "Soils are shallow, sandy, oligotrophic and contain high amounts of exchangeable Aluminum. Humic to organic horizons are common in these soils indicating low degree of soil organic matter decomposition". They conclude that, in comparison to soils on igneous lithologies, those overlying quartzite are "poorer in carbon and nutrients, exhibiting stronger signs of degradation that indicate a larger fragility of this biome." These poorly developed soils rarely exceed 2m in depth, and their occurrence is dictated by local topography and vegetation.
Over half of the Neotropical species of Velloziaceae are endemic to the campos rupestres of the Espinhaço chain (Giulietti & Pirani 1988; Giulietti et al. 1997 ). Many, if not all species of Vellozia are longevous and have very slow growth (Alves 1994) . In deep and mechanically unstable sandy soils, in which the water table is deeper than 40-50 cm, it can be unavailable to the herb layer for prolonged periods. In campo rupestre the herb layer of such areas is often dominated by low and caespitoseVellozia species, while the erect and shrubby ones usually grow on and among rock outcrops. Distinct species of Vellozia have apparently developed specific strategies in these contrasting environments (Table 1) .
Vellozia crinita is endemic to a few campo rupestre localities in the State of Minas Gerais. In the white sand component of the seven studied campo rupestre localities, Vellozia crinita always displayed a peculiar, mound-forming growth strategy, which locally blocks erosion, and ultimately dictates vegetation physiognomy. The campos rupestres are naturally subjected to periodic savanna fire and occasional strong winds, to both of which they are well adapted (Kolbek & Alves 2008) . However, these singular habitats are under increasing threat of disappearing, especially due to degradation by cattle (mainly grazing, trampling and manure deposition). In that respect it is alarming that, under such pressure, V. crinita is only considered vulnerable, by IUCN criteria, according to the most recent list of endangered species of Minas Gerais (BIODIVERSITAS 2007) .
The purpose of the present survey was to investigate the peculiar vegetation strategy of Vellozia crinita, which sets it apart from the erect, rock-dwelling species, to describe the vegetation units dominated by it in the white sand component of the southeastern campos rupestres, and to verify the implications of this relatively unique growth-form for habitat conservation.
Material and methods
White-sand savannas with Vellozia crinita were studied in seven small mountain ranges with campo rupestre in the State of Minas Gerais ( Conceição & Pirani (2005) . The combinations of substrate and local topography permit the rough distinction of three main types of terrestrial habitats in campo rupestre, each of which can harbor several distinct Fig. 2 . Schematic bisect of the ass. Vellozio crinitae-Loudetiopsietum chrysothrici showing soil depths, underground caudices and root systems; A -Vellozia crinita; B -the shrub Hyptidendron asperrimum; C -the geophyte Dipladenia polymorpha; D -the grass Loudetiopsis chrysothrix outside the Vellozia mound; E -Xyris rupicola; F -the sedge Rhynchospora globosa; Gthe sedge Rhynchospora tenuis; R -adventive roots of Vellozia crinita; S -summer level of water table; W -winter level of water table. Drawn according to photographs from the Serra de São José and soil profiles.
types of vegetation: (1) rock outcrops and boulders, (2) rock crevices and fissures, and (3) deposits of sandy soil. All of these tend to form intricate mosaics, but relatively sharp borders usually separate the patches of vegetation.
During over thirty field trips implemented from 1989 to 2006, relevés using the scale of Braun-Blanquet (1932) were systematically used to sample vegetation on white sand colluvial deposits in the studied sites. The sample plots were selected subjectively in what seemed to be homogenous vegetation stands, and had no defined geometric shape. Soil samples were excavated for the study of underground plant structures. Vellozio crinitae-Loudetiopsietum chrysothrici rhynchosporetosum tenuis; B -Subass. Vellozio crinitae-Loudetiopsietum chrysothrici rhynchosporetosum tenuis; C -Vellozio crinitae-Loudetiopsietum chrysothrici rhynchosporetosum consanguineae. The high dissimilarity levels among the three mail clusters were expected, and are due mainly to the heterogeneity of sample plots imposed by local topography. Dendrogram generated by SYN-TAX 2000 software.
Relevés were pre-ordinated using JUICE 6.5.7 (Tichý 2002) and statistically analyzed in SYN-TAX 2000 software (Podani 2001) , using a hierarchical classification algorithm (complete linkage, Euclidian distance) based on quantitative data, by β-flexible clustering method (β = −0.25), Chord's coefficient was used.
Nomenclature of all species found in the field follows determinations by specialists, for vascular plants subsequently cross checked and updated via the Missouri Botanical Garden's Vast nomenclatural database W 3 TROPICOS (2007). Authors of plant names follow Brummitt & Powell (1992 Clayton et al. (2007) . In tables and appendix, numbers 100, 101, 102, 103 are replaced as 00, 01, 02, 03.
Voucher specimens were deposited in the herbaria of the Rio Botanic Garden (RB) to 1996, and later in the National Museum, Rio de Janeiro (R).
Results
In stands with Vellozia crinita, the tree layer is usually less than 3.5 m tall, and very open (hence it was consid- ered part of the tall shrub layer in the tables). Eremanthus erythropappus is the most constant tree species, in this study with a mean height of 126 cm (8-307 cm), while in forests and among outcrops this species can reach 12 m (Souza et al. 2007 ). Eremanthus erythropappus has been considered a "pioneer" species, due to its capacity of colonizing forest clearings (Pedralli et al. 1997 (Pedralli et al. , 2000 . In the studied localities, seedlings of E. erythropappus have been found almost in every investigated campo rupestre vegetation subtype. Other tree species with high constancies are Tibouchina heteromalla (9-180 cm, mean = 48 cm) and Hyptidendron asperrimum (18-296 cm).
In the studied communities, Vellozia crinita dominates the herb layer, in which it has no co-dominant species. The herb layer with V. crinita consists of a series of regularly spaced mounds separated by sparse herbs and small subshrubs (Fig. 2) . Unlike most erect species in its genus, the caespitose V. crinita does not depend directly on the presence of a rock outcrop. Individual plants have repent, horizontally growing, halfburied, profusely branched caudices and adventitious roots projected downwards at relatively regular intervals. They live very long and form rounded mounds in mildly sloping white sand deposits. Each mound may bear over 100 leaf rosettes/m 2 . Given time the cushions accumulate sand more than the surrounding vegetation, and thus become slightly convex, but usually not taller than 10 cm. Small trees and shrubs grow sparsely among the mounds, as do tussock grasses or sedges and geophytes, with a few therophytes. Populations observed in all ranges are identical in physiognomy. The moss layer is sparse and usually poorly developed. The influence of overgrazing by cattle is indicated by frequent occurrence of the invasive Melinis minutiflora, Spermacoce brachystemonoides and Ageratum fastigiatum (Kolbek & Alves 2008) .
The synthesis of vegetation with Vellozia crinita revealed three clusters (Fig. 3) . Despite the considerable species richness, not many species are common to all three clusters and, if they are, their constancies tend to differ. Species in the shrub layer common to all of these are only Eremathus erythropappus, E. crotonoides, and Myrsine monticola (all very frequent throughout the southern campos rupestres). In the subshrub layer, this is also true for Cuphea ericoides and Tibouchina heteromalla and in the herb layer for Lagenocarpus rigidus subsp. rigidus, Loudetiopsis chrysothrix, and the invasive ruderal Ageratum fastigiatum, Melinis minutiflora and Spermacoce brachystemonoides. The three clusters (Table 2-4) include the characteristic Vellozia crinita, along with V. crassicaulis, Cuphea thymoides, Peixotoa tomentosa, Arthocereus melanurus, Bulbostylis paradoxa, Dipladenia polymorpha, Schizachyrium tenerum, and Xyris rupicola.
Vellozio crinitae-Loudetiopsietum chrysothrici ass. nova hoc loco Nomenclatural type: Table 2 , rel. 81 Characteristic species: Vellozia crinita, Loudetiopsis chrysotrix, Peixotoa tomentosa, Arthrocereus melanurus subsp. melanurus, Bulbostylis paradoxa, Dipladenia polymorpha, Schizachyrium tenerum, Xyris rupicola. A predominantly herbaceous terrestrial community on white quartzitic sand in which herbs cover a mean of 65% while the shrub layer is kept open by fires which occur once every 2-3 years, reaching a mean cover of 8%. The moss layer has a mean cover of 11%. The longevous, cushion-forming V. crinita dominates the herb layer in most of the sampled stands. Bulbostylis paradoxa is a pyrophyte widespread throughout Neotropical savannas on latossol, it is only occasionally found in campo rupestre on quartzitic sand, but in this community it is considered a diagnostic species. Loudetiopsis chrysothrix and Eremanthus erythropappus also pene- Within the association, two subassociations were distinguished (see Fig. 3 A-B, Tabs 2, 3):
Vellozio crinitae-Loudetiopsietum chrysothrici rhynchosporetosum tenuis subass. nova hoc loco Nomenclatural type: identical with the type of the association name. Differential species: Comolia sertularia, Rhynchospora globosa, R. recurvata, R. tenuis, Syngonanthus niveus. The subassociation represents the terrestrial, seasonally wet stands with higher dominance of three species of the genus Rhynchospora and of Syngonanthus niveus. Average cover of shrub layer per relevé is 9%, herb layer 65% and moss layer 13%. The number of species varies from 4 to 43, averagely 16, mainly depending on the sample plot size. Stands of this terrestrial community are situated on white quartzitic sand with frequent milky quartz gravel in Serra do Ouro Grosso (Itutinga), Serra do Ouro Branco, Serra de São José, and Serra do Lenheiro. The environmental characteristics are comparable to those of the described association but with seasonally humid, shallower (ca. 30 cm deep) soils.
Within the subassociation two variants were distinguished: a) var. typicum (Tab. 2, Fig. 3A) , with high dominace and constancy of Vellozia crinita and the highest encountered constancy of Arthrocereus melanurus subsp. melanurus (absent from Serra do Ouro Branco)when compared to other investigated stands of the association. Stands are situated in Serra de São José, Serra do Lenheiro, Serra do Ouro Grosso (Itutinga), Serra do Ouro Branco, in altitudes of 1040-1420 m alt. on slopes with inclinations of 0-30
• , with apparent preference for eastward exposition. Average cover of shrub layer per relevé is 8% (0-35%), herb layer 62% (20-95%) and moss layer 11% (0-70%). Number of species varies from 5 to 33, averagely 16. b) var. Xyris bahiana and Syngonanthus gracilis, with
Croton gnidiaceus, Leiothrix prolifera, Paepalanthus planifolius, and Senecio pohlii (Tab. 3, Fig. 3B ). Stands were investigated in the Serra de São José and Serra do Lenheiro in altitudes of 950-1320 m alt. on slopes with inclinations of 0-60
• , with predominantly westward and southward expositions. Average cover of shrub layer per relevé is 11% (0-65%), herb layer 69% (40-95%) and moss layer 16% (0-50%). Number of species varies from 4 to 43, averagely 16.
Vellozio crinitae-Loudetiopsietum chrysothrici rhynchosporetosum consanguineae subass. nova hoc loco Nomenclatural type: Tab. 4, rel. 92 Differential species: Jacaranda paucifoliolata, Clittoria guianensis, Dyckia minarum, Hyptis althaefolia, Rhynchospora consanguinea, Schizachyrium tenerum. The subassociation (Fig. 3C ) represents the stands with higher dominance of Rhynchospora consanguinea. This terrestrial community on white quartzitic sand has an average cover of shrub layer per relevé is 5% (0-10%), herb layer 60% (9-95%) and moss layer 2% (0-7%). Number of species varies from 9 to 16, averagely 11. Stands are situated in Serra do Lenheiro, Carrancas, Serra de São José in altitudes of 1175-1394 m alt. on slopes with milder inclinations (0-20
• ) and deeper soils (>60 cm) than the previous syntaxa. Plots are mainly 
Discussion
Homogenous stands in the studied environment may occupy areas ranging from just a few to several hundred square meters. When the floristic composition and structure of sample plots of similar sizes are compared, the ass. Vellozio-Loudetiopsietum turns out to be relatively homogenous. In the intricate mosaic of campo rupestre plant communities, when smaller stands are registered, the variability described above is the inevitable consequence of species poverty. Despite this fact, the stands are easily distinguishable and separated from surrounding communities (on shallow soil or on outcrops) by sharp borders. The Velloziaceae are among the plants best adapted to campo rupestre through drought-resistance structures, mechanisms which allow for quick uptake of water and mist, and by synchronizing flower production with rainfall (Owoseye & Sanford 1972; Gaff 1987; Alves & Kolbek 1994; Porembski & Barthlott 1995) . Several Vellozia species are also notorious for their longevity and resistance to fire (Alves 1994; Kubitzki 1998) .
Other psammophilous, caespitose and probably mound-forming species of the genus Vellozia are known to occur, especially in localities along the Espinhaço chain situated to the north of the study area (MelloSilva 1995) . Within sandy grasslands of campo rupestre, these species may well have an analogical function to that of V. crinita, but no studies of their vegetation strategy have been published to date.
The laboratory study of germination properties of two erect, outcrop-dwelling and three caespitose, probably psammophilous Vellozia species (Garcia & Diniz 2003; Garcia et al. 2007 ) revealed that all have very small seeds which germinate best when exposed to light, but require higher temperatures (35-40
• C) to germinate in darkness. At 15
• C, all species exhibited deficient germination or none at all.
Though the influence of fire was not considered by Garcia & Diniz (2003) and Garcia et al. (2007) , the described germination properties are consistent with species in which seed-dormancy is broken by sudden increases in temperature by passing fires. A fire would be required to produce the optimum germination temperature for seeds which are insulated by a layer of sandy soil, which is known to be an efficient thermal insulator. Furthermore, germination is only one of the processes necessary for the successful establishment of the plants. Small seeds have very few reserves, which mean that soon after they germinate, the subsequent development of the plants becomes highly dependent on photosynthesis. Effective germination in both species of Vellozia investigated by Garcia et al. (2007) proved to depend on light. It is thus not probable that adult plants of Vellozia spp. could develop from seeds germinated under the soil surface, unless they become exposed by erosion.
Two other species of Vellozia (present in relevés), with distinct vegetation strategies, occur sympatrically in the Serra de São José, which is the type locality of V. crinita. Vellozia kolbekii is an erect, to 2 m tall, sparingly branched shrubby species which grows exclusively among exposed outcrops and narrow fissures. An intermediate strategy is exhibited by V. crassicaulis: when young, this species forms prostrate mounds on shallower sandy and stony soils (<10 cm deep) or in outcrop fissures, but older individuals, in localities not affected by fire, can have erect branches up to 50 cm tall. Vellozia crinita and V. kolbekii have distinct habitat preferences: they do not grow together in the same community. Of the 168 sampled vascular species, 109 grow exclusively in stands with V. crinita, 11 grow together with V. kolbekii but not the former, and only 26 grow with both. The species of intermediate strategy, V. crassicaulis, is present in only six relevés, in five of which (Tab. 2: 96, 97; Tab. 3: 57 and Tab. 4: 12, 13 ) it co-occurs with V. crinita, indicating the presence of spots with shallow soil. In the sixth relevé with V. crassicaulis, the other two species are absent.
We can conclude that for the stability of the studied vegetation, Vellozia crinita is the most important species. The caespitose habit and the repent, profusely branched caudices are convenient adaptations to strong wind, while the usually subterranean position of the caudices is an effective defense against fire. Though individuals are longevous and slow-growing, forming mounds with densely packed rosettes allows V. crinita to cover larger areas, thus occupying a distinct niche not disputed by erect shrubby species of Vellozia. However, V. crinita is unable to compete successfully against shading by invasive herbaceous species, which grow profusely in areas affected by cattle.
Juvenile individuals have very rarely been observed in all sites surveyed herein (see also Alves 1994) . If campo rupestre dominated by Vellozia spp. should be preserved, further investigation of the environmental conditions necessary for the germination and subsequent growth of juvenile Vellozia populations is urgently needed. The classification of V. crinita and other species as vulnerable (viz. BIODIVERSITAS 2007) may be an understatement of the dangers truly faced by Vellozia species due to the use of campos rupestres as grazing areas for livestock Hence not only the species, but also the studied plant communities and associated biota are in peril. Appendix. Relevé data follow this order: relevé number in bold, date (day, month, year), locality (CCS = Serra de Carrancas, SBP = Serra Bico de Pedra, SCH = Serra da Chapada, SLN = Serra do Lenheiro, SOB = Serra do Ouro Branco, SOG = Serra do Ouro Grosso, SSJ = Serra de São José), altitude (m a.s.l.), exposition, inclination (in • ), area (m 2 ), cover of woody layers (%), cover of herb layer (%), cover of moss layer (%), cover of stones (%).
Vellozio crinitae-Loudetiopsietum chrysothrici rhynchosporetosum tenuis var. typicum 
